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PURPOSE OF THE STUDY 

This model study was made for the purpose of developing an 
adequate coi~trol  structure and stilling basin for  the Murrumbidgee- 
Eucumbene Diversion tunnel. 

CONCLUSIONS~! 

1. The fix<d wheel gate a s  shown in Figure 4 will operate 
satisfactorily for heads up to 160 feet. The streamlined upstream edge 
of the gate bottom will prevent fluctuating pressures and excessively 
low (cavitation) pressures on the bottom web of the gate. The baffle 
plates on the sides of the gate a r e  necessary to restr ict  the undesirable 
downward flow between the outside wall of the slot and the gate. 

2. The side walls in the passage or "throat, " downstream from 
the control gate slot, should be streamlined to preveilt cavitation pres-  
sures in this region. An elliptical shape, with a minor to major axis 
ratio of 1:5 a s  shown in Figure 7F, will keep the wall and floor pressures 
in a safe range for all  gate openings and discharges. 

3. The stilling basin floor should coiltinue level with the bottom 
of the gate water passage for a distance of 61. 58 feet from the downstream 
face of the control gate, then sweep upward on a 78-foot-radius vertical 
curve for 29.48 feet, then follow a reverse 78-foot-radius vertical curve 
for an additional 29.48 feet to come tangent to the invert of the down- 
stream tunnel at Station 4+30. 96, (Figure 12). 

11 S - ubsequent to these model studies the plans for Tantangara Dam were 
modified and the maximuan head on the-control. gate was reduced from 
160 feet to 105 feet. The stilling basin discussed in this report was 
developed for a maximum head of 160 feet. After the modified plans 
were received, computations were made for a reduced size stilling 
basin t o  accommodate the lower head of 105 feet. Appendix I contains 
the computations and recommendations for the modified structure. 



from the colltrol gate to-aid in the f ~ r m a t i o l l  of the  hydrau'lc Jump 
which will diss ipate  the cllergy of the high velocity flow entering the 
basin,  Flow, without objectionable Surges tuld Waves, will be 
in the  elltrance to  the 10-milc-long unlined tullnel by placing 16 trans- 
v e r s e  beams and a 20-foot-long Wave SLlppreSSor a c r o s s  the basin as 
shown in  F igu re  1 2 .  

5. The  roof of the basin should be 3 feet higher than the  
downstream tunnel roof to provide an a i r  passage above the waves ad 
s u r g e s  that occur  in the basin upstream f r o m  the wave suI>pressor. 

6. Whell the r e se rvo i r  is nea r  maximum elevatioll and the  gate 
is betweell 16 a l ~ d  25 percent open, the  jet sweeps the backwater into 
the basin and the control gate opera tes  under f r ee  discharge.  F o r  other  
co~nbinatiolls  of head and gate opening, the  water  in the st i l l ing basin 
backs up against the gate and it ope ra t e s  under submerged conditions. 
F igu res  14  and 15 a r e  discharge cha r t s  f o r  the gate showing discharge 
v e r s u s  upstream head fo r  var ious gate openings; however, these  cha r t s  
a r e  valid only for  coilditioils as they exist  in the recommended design 
of the control s t ruc ture .  

INTRODUCTION 

The  Murrumbidgee-Eucumbene Diversion Pro jec t  is located in 
the  Australian Alps a r e a  of southeastern Australia. The  Snowy Moun- 
ta ins  H dro-Electr ic  -4uthority, which is responsible  for t h e  develop- r' merit 0 the project, has established i t s  headquarters  at Cooma nea r  
the site of construc:ioll approximately 220 mi les  sotdhwest of Sydney. 
Tantangara Dam, about 40 mi les  northwest of Cooma, is a part of th i s  
project. The  associated r e s e r v o i r  s t o r e s  water f r o m  the Murr-bidgee 
River, and th i s  water  m a y  be diverted a s  requi red  through the  outlet 
works and a l O - l /  2-mile-lollg unlined tunnel to  Lake Eucumbene, 

Tantangara Reservoi r  feeds  water  into a 10-foot-diameter 
P res su re  tunnel a t  heads up to approximately 160 feet. The  control  
s t ructure .  300 feet  downstream of the inlet, colltains two 6- by 7-foot 
fixed wheel gates; the ups t ream one is used i n  emergencies  and the 
downstream gate regulates  the discharge of water  f r o m  the p r e s s u r e  
tullnel to  underground sti l l ing basin. An milined lo-foot 2-inch horse-  
shoe tullnel €!*ends 10-112 mi les  downstream f r o m  the  s t i l l ing basin, and 
is designed to  flow f r e e  under the mawimum discharge of 600 cfs .  

T h e  model  studies discussed in  this r epor t  were performed to 
determine the most  economical and llydraulically acceptable design fo r  
the control s t ruc ture .  

THE INVESTIGATION 

The  Model 

The  model of the outlet works control s t ructure ,  built t o  a 
sca le  of 1 : 10, was sufficiently l a rge  to  permi t  accura te  calibration 



*model included the gate clqamber and gates, the stilling bGin, and a 
short section of the I~orseshoe tunnel downstream from the stilling 
basin (Figure 1). The coriduit upstream f rom the gate chamber was noti 
modeled. 

The fixed wheel control gate model was built up of brass  
plates and included two non-rising operating s tems (Figure 2). One 
side and the top and bottom of the gate chamber were welded 114-inch 
plate; the other side was made of 314-inch transparent plastic (Figure 3) 
to enable viewing of the gate leaf and flow patterns in the chamber during 
operation. One side and the arched roof of the stilling basin were of 
transparent plastic; the remainder of the basin was made of 314-inch 
plywood. The roof section was made a s  a unit so  that it could be easily 
removed to allow access to the bas:in. 

/ $  
Water was furnished tollthe model through the laboratory 

venturi meters,  with which accurate discharge measurements as low 
a s  0. 4 cfs (125 cfs prototype) could be made. The depth of water in the 
outlet tunnel was controlled by means of a tailgate at the downstream 
end of the model. 

The pressures  in this  report a r e  expressed in feet of water 
with atmospheric pressure  a s  a datum. 

Gate Structure Studies 

Regulating gate. The model fixed wheel control gate had a 
diaphragm-type pressure  cell mounted flush with the bottom of the 
lower web on the gate center line. This  cell  together with four piezom- 
eters ,  two in the gate bottom and two in the side of the gate, were used 
to determine vibration tendencies and p ressure  distributions pertaining 
to the gate. F o r  co:lditions of maximum design head and discilarge, the 
control of the jet beneath the gate shifted rapidly between the upstream 
and downstream lips of the gate (Figure 4 D-1). The average pressure  
beneath the gate, a s  determined by piezometer readings, was approxi- 
mately 40 feet of water positive (prototype), but recordings made with 
the diaphragm-type cell  disclosed the presence of rapidly fluctuating 
pressures  which dropped down into the cavitation range. 

The extended upstream gate lip was cut off flush with the 
'bottom web of the gate (Figure 4 D-2), leaving a sharp, right angled 
corner  on the upstream edge. With this  design cvld with maximum head 
and discharge, the average piezometric pressure  beneath the gate was 
about 95 feet and the magnitude of the pressure  fluctuatio~ls was decreased 
to about 20 feet. However, the p ressure  fluctuations were sufficiently 
intense to cause considerable vibration of the gate leaf. 

The upstream edge of the gate bottom was rounded a s  shown in 
Figure 4 D-3. With this configuration, the pressure fluctuations on 



lined as shown in Figure 4 D - 4 .  Withthis-design, t h e m a x i m u m  p r e s s u r e  
fluctuation was about 4 feet. Th i s  s!lape (Figure 4 D-4) is recommended 
for the bottom of the co:ltr.ol gatc. 

During studies of the water  passage downstream f rom the  
cnntrol gate, i t  was noted that a frigh-irelocity jet flowed down the 
space l)etweei~ the  s ide of the gate and the outside wall of the gate 
s lot .  When this  flow was res t r ic ted ,  the p r e s s u r e s  on the s ide  walls 
downstream f rom the gate were  somewhat improved. Consequently, a 
plate was attached to either s ide of the gate at  the level of the lower web 
t o  part ia l ly  block this  Plow and thereby improve the p r e s s u r e  coilditions 
in the a r e a  of the elliptical throat. The  recoi~unended fixed-wheel con- 
t r o l  gate is shown in F igure  4. 

Flow passage.  Under c o n d z o n s  of maximum design head and 
discharge,  cavitation p r e s s u r e s  were  found to  exis t  downstream f rom the  
s lots  of the regulating gate (Figure 6). Attempts w e r e  made to re l ieve  
the low-pressure zones by means  of air vents (Figure 7B). These  vents 
were  uilsatisfactory due t o  the fluctuation in p r e s s u r e s  and the adverse 
effect the additional a i r  had on the operation of the basin.  

A plate projecting into the s t r e a m  was installed a t  the down- 
s t r e a m  face of the coiltrol gate s lot  (Figure 7C). With th i s  flow passage 
the jet oscillated f r o m  s ide  to  s ide and increased the turbulence in t h e  
basin. 1 1  a i r  vent was inser ted in back of the r e s t r i c t ing  plate, but the 
collditions in the basin w e r c  not improved. 

Several  shapes of s t reamlined "throats" just downstream f rom 
thc gate s lo t s  were  tested.  With the shape consisting of a s imple  curve 
(Figure I'D), the p r e s s u r e s  on the s ide  wal ls  were  in the cavitation 
range, but with elliptical shapes (F igure  7E and 7 F )  p r e s s u r e  coilditioils 
werc  improved; t he  amount of improvement depending on the minor- major 
axis ra t io  of the ell ipse (F igure  6 ) .  It was  found that an ell iptical  shape 
with a minor-to-major axis ra t io  of 1:5 kept the p r e s s u r e s  up t o  a mini- 
mum of negative 3 feet for  maximum head and discharge conditions. This 
shape (F ig l r -es  6 and 7F)  is recommended for  prototype construction, 
The discharge coefficient for  the recommended gate is shown in F igure  
5. 

,+"* 

Stilling basin Studies 

During the init ial  testing of the st i l l ing basin, the  arched roof 
was in position over  the stilling basin. However, to provide m o r e  rapid 
access  to  the floor of the st i l l ing basin for  changing baffle p i e r s  and 
transit ion sections,  the roof section was replaced by ver t ica l  walls above 
elevation 3964. The roof was reinstal led for  the t e s t s  of the recommended 
design. 

P re l imina ry  operation. T e s t s  on the pre l iminary  design sti l l ing 
basin (F igure  8A and 11A) indicated'in general  that  t he  operation was 



basin, filling-the ba& to the top of the arched roof and breaking away 
to form a trough 1 2  o r  more(feet deep (Figure 8B and C). This action 
was accompanied by surges of a i r  alternately blowing out and sucking 
in at the downstream end of the horseshoe tunnel. 

At maximum head and discharge the jet from beneath the gate 
followed one of two paths,, In one instance the jet shot up to the surface 
of the stilling pool and skipped across  the water surface causing ex- 
t remely rough flow conditions (Figure 9A). In the other instance, the 
jet descended t o  the floor near  the upstream end of the basin (Figure 9B) 
and flowed along the floor to the downstream end of the basin arid, on 
rising to enter the tunnel, caused a severe  boil and generally rough 
conditions in the basin (see Figure 8B and C). The direction of the 
jet could not be predicted but, once established, both types appeared 
to be stable and a r e  examples of a flow phenomena reported by 
Bakhmeteff 11. - 

Basin floor elevation. With the preliminary design the probable 
path of the jet downstream from the control gate could not be predicted. 
This  uncertainty was eliminated by rais ing the basin floor t o  the level 
of the floor of thengate (Figure 11B). With this configuration, the jet 
remained on the basin floor throughout the full range of discharge and 
he ad, 

Baffle piers ,  In o rder  t o  stabilize the formation of the 
hydraulic jump, various sizes,  numbers, and placement of baffle piers  
were tested to determine the best combination for optimum stilling basin 
performance. The recommended installation consists of two s t ream- 
lined piers, 3 feet high, placed 49.58 feet downstream from the con- 
t ro l  gate a s  shown in Figure 12. P r e s su re s  on the sides and top of the 
baffle p iers  were measured to assure  that adverse pressure  conditions 
did not exist. The resul ts  of these pressure  studies a r e  shown in Figure 
10. 

Three  chute blocks placed 10 feet downstream from the control 
gate (Figure 11B) tended to decrease the turbulence and the roughness* 
of the water surface in the hydraulic jump. However, since the  velocity 
of the jet in this a rea  is about 100 fps, the danger of cavitation exists 
and the use of the chute blocks is not recommended. 

- " T h e  Flow Through Slits" by B. A. Bakhmeteff and N. V. Feodoroff 
Proc .  Fourth Midwestern Conference on Fluid Mechanics, 1955. 

*When the basin is operating under maximum discharge and head, 
the Froude number is 14.6. This  is in a range where the 
hydraulic jump is normally quite rough. 



Recommended Design 

The recommended control s t ructure is shown in Figure 1 2  and 
13C. The structure will operate satisfactorily for  any combination of 
head and discharge up to the maximum design head of 160 feet and a 
discharge of 600 cfs. The flow conditio~ls existing when this system 
operates under maximum head and discharge a r e  coilducive to an ex- 
ceedingly rough hydraulic jump (Figure 13A). However, the t ransverse  
beams and the wave suppressor  will assure  a tranquil water surface at 
the entrance to  the downstream tunnel (Figure 13B). 



and the control gate is opened between 16 and 25 percent, the jet sweeps 
the water away from the downstream face of the gate and it operates 
under f ree  discharge conditions. F o r  other combinations of gate opening 
and head, water ruslies upstream from the cres t  of the jump and suh- 
merges  the gate. The discharge charts  for the gate in the recommended 
design a r e  shown in Figures 14 and 15. 
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Preliminary Model. 

B. From Sta. 3+25 to 
G.O. = 2470; Q = 

C. From Sta. 3190 to Sta. 4t90 
G.O.  = 2470; Q = 600 c f s .  

MURZIUMBIDGEE-EUCUMBENE DIVERSION PROJECT 
SiYOLVY MOUNTAINS ILYDKO-ELECTRIC AUTIIORITY; AUSTRALIA 

TANTANGARA DAM OUTLET WORKS 
Preliminary design; note rough water surface 

1 :10 scale model 



Figure 
Hyd. 41 

A .  Jet shooting up to the surface. 

B .  Jet flowing along the floor. 

MURRUMBIDGEE-EUCUMBENE DNElRSION PROJECT 
NOWY MOUNTAINS HYDRO-ELECTRIC AUTHORITY; AUSTRALIA 

TANTANGARA DAM OUTLET WORKS 
Preliminary design showing both level and rising jet 

1:10 scale model 









A. From the Gate to  Sta. ,4+05 
2 (Gate sea l  is Sta. 3+10.42) 

G.O. = 1970; Q = 600 c f s .  

C . . Recommended Design. 

8: 
B. From Sta.  3+90 to  Sta. 4+85 MURRUMBIDGEE-EUCUMBENE DIVERSION PROJECT 

a 
G.O.  = 1970; Q = 600 c f s .  SNOWY MOUNTAINS HYDRO -ELECTRIC AUTHORITY; AUSTRALIA $ 

TANTANGARA DAM OUTLET WORKS w 

Recommended design 
1:10 s c a l e  model. 







APPENDIX 1 





A sltetch DT-H-3 " ~ u r r u m b i d g c e  Portal  - Murrumbidgee- 
Eucumbene Tunnel - Alternative Arra_llgementt' (two prints enclosed) 
has been prepared which, together with the al~ove notes, summarizes 
present requii-ements, and it is asked that designs proceed along the 
suggested lines and within the broad limits of the proposed change in- 
dicated in  Section B (17) of Supplementary Notice No. 1 to Contract No. 
20, 034, 





le t ter  f rom SMHEA, the maximGm head on the control gate was reduced 
f rom 160 to  105 feet, permitting a reduction in the s ize of the stilling 
basin. The new basin dimensions were computed a s  follows, without 
additional model studies : I I 

1. Values existing in the basin a s  determined by model studies 
and recommended for the initial plan: 

H - 160 feet; Q = 600 cfs 

V1 = 99 fps 

Dl = 1.42 feet 

D2 = 22. 5 feet 

L = 74 Peet (2nd of hydraulic jump) 

F = -*,= 14.6 

2. Computed f rom Laboratory Report No. Hyd-399 (Laboratory 
Research Study on Stilling Basins): 

a. F o r  the initial plan: 

Dl = 1.42 feet 

F = 14.6 

D2 = 30 Dl = 28.4 feet (Hyd-399) 

L = 2.8 D2 = 79. 5 feet (Hyd-399) 

b. F o r  the modified plans: 

H = 105 feet; Q = 600 cfs 

Dl = 1. 72 feet 

V1 = 82 fps 

82 
= 1.72 g = 11.0 

D2 2 15.2 Dl = 26.2 feet (Hyd-399) 

L = 2 . 8  D2 = 73 .4  feet (Hyd-399) 

3. Computations based on the ra t io  of the dimensions for 
the initial and modified plans a s  determined f rom Hyd-399 and applied 
to the initial model study resul ts :  





Memorandum Denver, Colorado 
To: Chief, Canals Branch April 1, 1958 

Attention: W. W. Schneider 

From: Chief, Division of Engineering Laboratories 

Subject: Murrumbidgee-Eucilmbene tunnel intake control structure 

Model studies have been completed for the design of a stilling 
basin to dissipatethe energy of 600 cfs entering the pool with a velocity 
of 99 feet per  second. The plans at the time of the model study assumed 
a reservoir  water surface elevation of 4107 and a stilling basin floor 
elevation of 3947.6, o r  a head of about 160 feet on the gate. Recent 
modificatioil of the plans by SMHEA indicate that the  maximum reservoir  
elevation will now be 4052 which reduces the head at the gate to about 
105 feet. The discharge will remain at 600 cfs. The authority by let ter  
dated March 7, 1958, asked for revised dimensions for the energy dis- 
aipator using the lower design head. 

The stilling basin determined by model study was somewhat 
shor ter  and shallower than the minimum values computed using the 
data f rom Hydraulic Laboratory Report No. Hyd-399. The water su r -  
face in the jump was extremely rough; however, by placing 10 beams 
and a 20-foot-long wave suppressor  across  the basin, tranquil flow was 
maintained in the e~l t rance  to the 10-mile-lo~lg unlined tunnel which leads 
to Adaminaby Reservoir.  To ar r ive  at an acceptable design for  the new 
basin, computations were made (using the Hyd-399 design curves)  for 
the initial head conditions and for the lower head of the modified plan. 
The ratio of these values was applied to the basin dimensions developed 
by model study to determine the minimum dimensiolls fo r  the new basin. 
These dimensions a r e  shown on the accompanying drawing. 

The basin design for  the initial plans was the most  economical 
which could be developed by model .study, and the computed dimensions 
of the modified basin a r e  considered a minimum for  proper operation 
of the stilling basin. It is believed that the new basin under the smaller  
head will operate as  satisfactorily a s  that develope,d for  the higher head, 
and that further model studies a r e  unnecessary. 

'The information contained in this  memorandum will be included 
in the Hydraulic Laboratory report  covering the studies made on the con- 
t ro l  structure. The report will be completed in the near  future. 

s/W. H. P r ice  
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